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SUMMARY

 

IPEX syndrome is a genetic autoimmune disease characterized by immune-mediated polyendocrinop-
athy, enteropathy, and X-linked inheritance. We describe a case of IPEX in which lymphocyte pheno-
types were assessed at birth, before initiation of Cyclosporin A therapy, and at frequent intervals to
18 months of age. We performed flow cytometry for lymphocyte subtypes and for activation markers
(HLA-DR, CD25, and CD69 or CD71). The ratios of both T to B cells and CD4

 

+

 

 to CD8

 

+

 

 cells were
elevated at birth, but CD4

 

+

 

 cells were not activated. HLA-DR

 

+

 

 and CD25

 

+

 

 activated T-cells increased
in association with two episodes of clinical deterioration: colitis and the onset of type I diabetes mellitus.
These results indicate that measures of activation, particularly HLA-DR

 

+

 

 and CD25

 

+

 

 frequency, cor-
relate well with the development of early active disease and may presage clinical episodes. Continuous
maintenance of immunosuppression, once started, appears critical for prevention of permanent tissue
damage.
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INTRODUCTION

 

Immune-dysregulation, Polyendocrinopathy, Enteropathy, X-
linked (IPEX, MIM 304790) syndrome is a rare human disorder
caused by mutations in 

 

FOXP3,

 

 a recently described gene that
encodes a protein called Scurfin [1]. Classic IPEX presents in
early infancy with a spectrum of illnesses arising from a dysregu-
lated immune response, most commonly type I diabetes mellitus
(T1D

 

M

 

), eczema, severe enteropathy, hypothyroidism and
autoimmune cytopenias. These illnesses are usually fatal in the
first year of life, absent aggressive anti-immune therapy with
Cyclosporine A (CsA) and/or FK506 (tacrolimus). Some patients
appear resistant to such therapy. All 

 

FOXP3

 

 mutations identified
in classic IPEX families change the Scurfin amino acid sequence,
and most cluster in the conserved winged-helix domain at the
carboxy-terminus.

In 1982, Powell 

 

et al

 

. [2] reported a large, X-linked recessive
family in which numerous males had experienced similar illnesses
with variable onset and sometimes waxing and waning severity.
Genetic mapping in this kindred placed the genetic defect in the
same X-chromosome region of as two other IPEX families with
more classic histories [3], but 

 

FOXP3

 

 coding mutations were not

found in members of Powell’s kindred [4,5]. Subsequently, Ben-
nett 

 

et al.

 

 [6] reported a nucleotide substitution in the first canon-
ical polyadenylation signal following the 

 

FOXP3

 

 termination
codon, a change that predicted a reduction in Scurfin mRNA
stability.

We describe a previously unreported, affected member of this
family, whose lymphocyte profile was followed prospectively from
birth, i.e. before, during, and after the onset of clinical disease and
during the initiation and adjustment of CsA therapy.

 

MATERIALS AND METHODS

 

Case report

 

With approval of the human subjects committee, we retrospec-
tively reviewed clinical data previously collected from birth to
18 months of age in an IPEX patient from the kindred reported
by Powell [2]. We analysed the lymphocyte phenotype before and
after the onset of disease, the effect of CsA administration, and
assessed measures of lymphocyte activation.

Prenatal diagnosis was performed at 16 weeks gestation
because of the extensive family history of males affected with
multiple autoimmune disorders [2]. Comprehensive genetic map-
ping in this family [3] established the basis for prenatal diagnosis
by linkage analysis, which indicated a 99% chance that the
mother’s first pregnancy, a male, was affected. Linkage analysis
was used because the events described here occurred before the
identification of the underlying gene defect.
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The mother delivered a 3085 g infant at term. No abnormal-
ities were noted at birth. Because of the expectation for early
onset immune disease, he was followed closely with clinical exam-
inations, urine glucose screening, stool occult blood screening and
regular assessment of blood lymphocyte activation status.

At 5

 

1

 

/

 

2

 

 weeks of age, he was hospitalized for three days after
a two-day history of small quantities of clotted red blood in haem-
positive stools. Physical examination was unremarkable. The
white blood cell count was 10.7 

 

¥

 

 10

 

9

 

/l, with 78% lymphocytes,
15% neutrophils, 3% monocytes, 2% eosinophils and 1% baso-
phils. The haematocrit was 25·1% with a normal mean corpuscu-
lar volume. The following autoantibodies were negative: anti-red
blood cell (direct Coombs’ with multivalent anti-human globulin
and anti-C3b), anti-insulin, and anti-islet cell.

The upper gastrointestinal tract was normal by endoscopy,
but flexible sigmoidoscopy revealed one patch of erythematous
papules in the proximal sigmoid colon. The small bowel biopsy
was histologically normal, but a biopsy of the abnormal sigmoid
patch showed high numbers of infiltrating lymphocytes in the
lamina propria and intermittent disruption of the normal
mucosal architecture, consistent with changes seen in other
affected members of his family. At discharge, he was started on
oral cyclosporin A (CsA) with a therapeutic blood level target
range of 200–300 ng/ml.

Except for a viral respiratory infection at 4

 

1

 

/

 

2

 

 months of age,
he did well until about 7 months of age when CsA levels dropped
below 100 ng/ml. Shortly thereafter (7

 

3

 

/

 

4

 

 months), he was admit-
ted when he displayed decreased activity, polydypsia, possibly
polyuria and new glycosuria. Eczematoid rash and retroauricular
lymphadenopathy were the only abnormalities on examination,
but blood glucose was 395 mg/dl. The WBC was 17.2 

 

¥

 

 10

 

9

 

/l with
42% neutrophils, 43% lymphocytes, 11% monocytes, and 5%
eosinophils. Hematocrit was 31%. Blood and urine ketones were
negative. Anti-islet cell, antithyroid, and antiadrenal antibodies
were negative. He was treated with insulin for new type I diabetes
mellitus (T1D

 

M

 

), though blood glucose levels remained erratic.
Oral immunosuppression was switched briefly to intravenous
(55 mg/day)  before  substituting  Neoral  by  mouth  when  a  level
of 167 ng/ml was obtained. Subsequent blood sugar control
remained difficult, but CsA levels stabilized on a 150 mg oral
dose.

At one year of age, he was a well-grown, normally developed,
muscular boy with moderately well controlled diabetes and dry
eczema that worsened when CsA levels dipped. Stool blood
screens were negative. By 16 months, his CsA therapeutic level
target had been increased to 250 ng/ml to avoid skin eruptions
and he had no significant episodes of diarrhoea or stool occult
blood. He remained on insulin therapy with moderately good
control. The patient was never given childhood immunizations
due to the history of catastrophic responses to immunization in
some affected relatives. The family moved from the area at
18 months of age.

 

Immunophenotyping of peripheral blood lymphocytes

 

Cord or peripheral blood was examined weekly for the first eight
weeks, and then monthly for 16 additional months. Intestinal
biopsies for routine pathology were obtained at 4 weeks of age
during the first episode of bloody diarrhoea. The intestinal biop-
sies were from the duodenum and rectosigmoid colon. Cell sus-
pensions were made by mincing the biopsies in RPMI tissue
culture medium.

Heparinized whole blood and biopsy cell suspensions were
immunostained with fluorescent antibodies by standard methods.
Antibodies specific for CD3, CD4, CD8, CD25, CD69, CD71,
and HLA-DR (Becton-Dickinson, San Jose, CA, USA), CD26,
CD29, CD45RA, and CD95 (Fas) (Beckman Coulter, Miami, FL,
USA) were used to identify lymphocyte subpopulations and
expression of activation markers. The whole blood was lysed (Q-
Prep, Beckman Coulter) and specimen analysis was performed
on a FACScan flow cytometer (Becton-Dickinson). Immunophe-
notyping results are reported as either absolute number of cells
per microlitre (

 

m

 

l) or as percent of live, lymphocyte gated, cells.
Age matched normal controls were also analysed to establish
normal ranges.

 

RESULTS

 

Major lymphocyte subpopulations in IPEX

 

The surface phenotypes of circulating lymphocyte subpopulations
were determined by flow cytometry of cord blood at birth, and of
peripheral blood at intervals to 18 months of age (Fig. 1). The
absolute numbers of CD3

 

+

 

 T cells were generally high normal to
elevated. CD19

 

+

 

 B cells remained low in absolute number
(Fig. 1a), except for a brief peak following the early colitis
episode.

Among CD3

 

+

 

 T cells, the percentage and absolute number of
CD8

 

+

 

 cells was relatively stable throughout (Fig. 1b). In contrast,
the number of CD4

 

+

 

 cells varied considerably between 2450 and
6300 cells/

 

m

 

l (Fig. 1b), and were sporadically above normal (nor-
mal range 1000–4200 cells/

 

m

 

l). The absolute number of CD4

 

+

 

 cells
peaked at two weeks of age (6300 cells/

 

m

 

l), about two weeks
before the first clinical episode of colitis (first arrow in Fig. 1c). An
elevated percentage and absolute number of CD4

 

+

 

 cells persisted
through this episode but corrected when therapeutic CsA
immuno-suppression was achieved. A normal percentage of
CD4

 

+

 

 T cells (33–55%) was observed only when CsA levels were
well above 200 ng/ml, i.e. at 6·5 months and 17 months of age
(Fig. 1b,c). This was reflected in an improved CD4/CD8 ratio of
2·4 at 17 months compared to 4·1 at one month of age. The major-
ity (75–95%) of CD4

 

+

 

 T cells maintained a naïve phenotype
(CD45RA

 

+

 

) throughout the study (data not shown).

 

Activated and regulatory T lymphocytes

 

A variety of surface marker combinations were followed to
evaluate  activated  lymphocytes  and  regulatory  T  cells  in  cord
and peripheral blood including: CD25

 

+

 

CD4

 

+

 

 (regulatory and
activated T cells), CD69

 

+

 

CD4

 

+

 

, HLA-DR

 

+

 

CD4

 

+

 

, CD26

 

+

 

CD3

 

+

 

,
CD71

 

+

 

, and CD95

 

+

 

(FAS). In addition, lymphocyte infiltration in
intestinal biopsies was evaluated by routine histology and by
immunophenotyping.

The peak in total CD4

 

+

 

 T cells at two weeks of age (Fig. 1b)
was accompanied by a relative increase in the number and fre-
quency of HLA-DR

 

+

 

 and of CD25

 

+

 

 cells, which had been normal
at birth and stable at one week of age (Fig. 2a,b; Table 1). This
trend continued through the episode, but reversed when thera-
peutic CsA suppression was achieved (Fig. 2c).

Two biopsies of intestinal epithelium (duodenum and rec-
tosigmoid colon) were obtained during an episode of bloody diar-
rhoea at 4 weeks of age. Both the sigmoidoscopy and routine
pathology evaluations showed that the duodenal epithelium was
normal, while the colon epithelium showed evidence of colitis
(Fig. 3). Histological analysis of both biopsies exhibited reactive
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changes with foci of eosinophil and lymphocyte infiltration in the
colonic mucosa only (Fig. 3a,b).

T lymphocytes extracted from the biopsies of duodenum and
colon, during the colitis episode were also examined by flow
cytometry. A much larger number of lymphocytes were obtained
from the colon biopsy, as expected from the histological evalua-
tion. However, HLA-DR

 

+

 

 cells represented a large fraction of
the CD4

 

+

 

 T cells recovered from both the duodenum and colon
(65–70%), consistent with an activated, inflammatory state at
both sites. In addition, the expression of CD25 on CD4

 

+

 

 T cells
was also examined as an indicator of both activated and regula-
tory T cells. The fraction of CD4

 

+

 

 cells that were CD25

 

+

 

 was nor-
mal in the duodenum (30%; normal range for tissue 10–30% [7]),
but it was unexpectedly reduced to 10% in the colon. In addition,
these cells were only dimly positive (Table 2), which indicates
fewer CD25 molecules on the surface of CD4

 

+

 

 T cells in the
colon.

 

Fig. 1.

 

Absolute numbers of circulating lymphocytes 

 

versus

 

 patient age in
months. (a) 

 

�

 

 CD3

 

+

 

 T cells (horizontal dashed lines represent the normal
range, 1500–6500 cells/

 

m

 

l); 

 

�

 

 CD19

 

+

 

 B cells (horizontal solid lines repre-
sent the normal range); (b) 

 

▲

 

 CD4

 

+

 

 T cells (horizontal dashed lines
represent the normal range); 

 

D

 

 CD8

 

+

 

 T cells (horizontal solid lines repre-
sent the normal range). (c) 

 

�

 

 CSA levels (ng/ml), data available up to
17 months of age. The dashed lines indicate the therapeutic range and the
arrows denote clinically significant events: bloody diarrhoea at 4 weeks
and the development of T1D

 

M

 

 at 7·7 months.

8000

6000

4000

C
el

ls
/m

l
C

el
ls

/m
l

C
sA

 n
g/

m
l

2000

0

6000

4000

2000

0

400

200

0
0 2 4 6 8 10 12 14 16 18

(a)

(b)

(c)

Month

 

Fig. 2.

 

Absolute cell numbers of CD4

 

+

 

 T cell subsets associated with
activation 

 

versus

 

 patient age in months. (a) CD4

 

+

 

CD25

 

+

 

 cells/

 

m

 

l. (b)
CD4

 

+

 

HLA-DR

 

+

 

 cells/

 

m

 

l. (c) CSA levels (ng/ml), data available up to
17 months of age. Horizontal dashed lines indicate the normal ranges (a
and b) and the therapeutic range of CSA (c). The arrows indicate clinically
significant events as in Fig. 1.
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Table 1.

 

Percentage of CD25

 

+

 

 cells and of HLA-DR

 

+

 

 cells among circu-
lating CD4

 

+

 

 lymphocytes

Age CD25

 

+

 

 (%)* HLA-DR

 

+

 

 (%)† Clinical event

0 (cord blood) 8·3 1·7 Birth
2 weeks 17·6 5·8 None
5

 

1

 

/

 

2

 

 weeks 13·8 7·7 Colitis
6 weeks 15·6 4·7 CSA initiated
4

 

1

 

/

 

4

 

 months 10·0 10·0 Fever
7

 

3

 

/

 

4

 

 months 14·3 18·6 Onset of T1D

 

M

 

8

 

3

 

/

 

4

 

 months 10·0 10·0 High CSA level

*Normal newborn range is 

 

<

 

10%; †Normal newborn range is 

 

<

 

5%.

 

Table 2.

 

CD25 expression on T cells from intestinal biopsies

Tissue source Duodenum Sigmoid-colon

Total CD25 positive 32·9 10·5
% CD25 dim 17·0 9·1
% CD25 bright 15·9 1·4
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Following stabilization on CsA therapy, blood lymphocyte
proportions stabilized. However, the subsequent onset of T1D

 

M

 

(second arrow Fig. 1) was presaged by a marked increase in the
absolute numbers of HLA-DR

 

+

 

 and CD25

 

+

 

CD4 cells in periph-
eral blood, although the absolute numbers of T cells and CD3

 

+

 

 T
cells increased only slightly (Figs 1, 2). This was followed by a dra-
matic drop in CsA levels, which was attributed to decreased drug
absorption from the gut. As before, restoration of CsA levels
above 200 ng/ml correlated with a reversal of the lymphocyte
activation state and restored general health, although diabetes
persisted.

Expression of activation markers CD26, CD69, CD71 and
CD95 were also followed. CD26

 

+

 

 cells (as a proportion of CD3

 

+

 

cells) and CD95

 

+

 

 cells (as a proportion of total lymphocytes)
increased at 8 months of age after the onset of T1D

 

M

 

 but did not
change thereafter. The percentage of CD69

 

+

 

 cells (as a propor-
tion of CD4

 

+

 

 cells) and of CD71

 

+

 

 cells (as a proportion of total
lymphocytes) was variable and did not correlate well with the
clinical course in this patient (data not shown).

 

DISCUSSION

 

While it is difficult to generalize from the experience of a single
IPEX patient, our observations are in line with the current model

of autoimmune pathogenesis in 

 

FOXP3

 

 deficiency, based largely
on studies in the genetically equivalent scurfy mouse model.
Scurfy mice present a similar spectrum of immune-mediated tis-
sue inflammation and destruction, and die at a very early age,
much like classic IPEX [8,9]. The immunological profile is char-
acterized by lymphoproliferation; substantial increases in the pro-
portion of T cells expressing activation markers, including CD25
and CD69, and high levels of numerous cytokines. Seminal studies
showed that the disease is mediated by CD4+ T cells that are
hyper-responsive to T cell receptor stimulation and resistant to
down-regulation by CsA [10,11]. Some evidence suggests that
antigen stimulation via the T cell receptor is required to initiate
the pathogenic changes [12,13].

The findings in our IPEX patient are parallel and consistent.
We observed that the T to B cell ratio and the CD4/CD8 ratio
were already increased at birth, prior to exposure to exogenous
antigens, yet the frequency of T cells with activated phenotypes
(CD25+, HLA-DR+) was not initially remarkable. The number
and frequency of CD25+ and of HLA-DR+CD4+ T cells did
increase at two weeks of age, followed by clinical presentation
with colitis. A similar increase was later observed prior to pre-
sumed insulitis leading to T1DM. Since development of murine
CD4+CD25+ T regulatory cells does not occur in the absence of
normal FOXP3 [14–16], the observed increases in CD25+ cells in
our FOXP3 deficient, IPEX patient probably reflect increases in
activated T cells rather than an expansion of regulatory T cells.

The first increase in activation markers preceding colitis
occurred in the absence of immunosuppressive medication; the
second preceded diminished CsA levels, which we believe fell
because of unrecognized malabsorptive inflammatory enteropa-
thy. Acute onset of diabetes quickly followed. In both clinical
events, CsA blood levels of at least 200 ng/ml seemed necessary to
return homeostasis and relative health, suggesting that the dis-
ease-causing immune cells were somewhat resistant to levels con-
sidered therapeutic for some conditions.

The experience of this patient suggests that significant
changes in activation markers may be useful in predicting the
onset of autoimmune illness in IPEX, even in the presence of
immunosuppressive therapy. At a minimum, they appear more
sensitive than total and CD4+ T cell numbers. In addition, it
appears that continual maintenance of therapeutic CsA (or other
immunosuppressive drug) levels is critical to prevent the devel-
opment of additional autoimmune IPEX manifestations.

The scurfy phenotype can be rescued by transgenic expression
of wild type FOXP3, by fractional bone marrow transplant, or by
a single injection of normal T-enriched splenocytes or sorted
CD4+CD25+ regulatory T cells [10,14–17]. Furthermore, trans-
genic over-expression of Scurfin in normal mice decreases T cell
responsiveness and number [10,16]. These findings indicate that
Scurfin is required, and is perhaps sufficient, for the development
of functional regulatory T cells, notably, the CD4+CD25+ regula-
tory subset. Therefore, the lack of Scurfin due to mutations in
FOXP3 may result in autoimmunity due to lack of dominant sup-
pression by such cells. The observation of clinical remission in
IPEX patients following bone marrow transplantation (BMT)
despite limited donor cell engraftment [1,18], is consistent with
this model.

We found it interesting that the lymphocytes in the colitis
biopsy had reduced, rather than elevated, frequency and density
of CD25, despite HLA-DR+ evidence of activation. The basis for
this is unknown, but it contrasts with increased CD25+ expression

Fig. 3. Hematoxylin and eosin stain of sectioned endoscopic biopsies
(400¥). Micrograph of a section of (a) duodenum showing normal histol-
ogy and (b) colon showing extensive eosinophil and lymphocyte infiltrate.

(a)

(b)
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among circulating cells and the few T cells obtained from the rel-
atively quiescent duodenal biopsy. CD25 is the Interleukin-2 (IL-
2) receptor alpha subunit, which is induced early on activated T
cells, but is also present on CD4+ regulatory T cells [15]. It is likely
that the CD25+ cells in the colon are not regulatory T cells for two
reasons. First, the actual level of CD25 expression on the CD4+ T
cells is critical in distinguishing regulatory T cells with higher lev-
els of CD25 from nonregulatory T cells [19]. Secondly, this patient
lacks FOXP3 mRNA as reported by Bennet et al. [6]. Therefore,
since Scurfin (FOXP3 protein) is required for the development of
CD4+CD25+ regulatory T cells, but not for CD25+ activated T
cells [15], the CD4+CD25+ population in IPEX patients likely
represents only activated T cells. Thus, it is curious that CD25 is
less frequent among the gut infiltrating lymphocytes at the site of
active inflammation and may indicate a valuable clue to the
pathogenesis of the disease. Genetic deficiency of CD25 in both
mice and humans leads to a phenotype not unlike Scurfy and
IPEX [20–22]. CD25 knockout mice respond to the addition of
transplanted CD4+CD25+ regulatory T cells [23], as do scurfy
mice [17]. In addition, CD4+CD25+ regulatory T cells are greatly
expanded when human peripheral blood mononuclear cells are
stimulated first with transforming growth factor-beta followed by
IL-2 [24]. Thus, it is likely, that CD25 is also necessary for the
development or function of regulatory T cells. The observed
reduction in CD25+ T cells at the site of ongoing inflammation in
the colon suggests several possible explanations for the pathogen-
esis of the disease. There may be fewer activated CD4+ T cells
present at such a site due to the timing of the response. Either the
cells in the colon are past the initial stimulation phase (and there-
fore lack significant CD25), or, perhaps, this phase lasts a shorter
time in FOXP3 deficiency. Another potential explanation is that
cells that would become regulatory T cells, if they had FOXP3, are
summoned in great numbers to the site of the inflammation. How-
ever, because they lack high levels of CD25, they cannot function
as T regs. Understanding this pathogenesis is the subject of future
studies.

It is important to note that this patient may not provide an
accurate representation of IPEX patients in general. Powell et al.
[2] reported that disease severity in affected members of this fam-
ily was quite variable, compatible in some cases with survival to
adulthood without immunosuppressive drugs. While our patient
became ill early, he responded to CsA therapy. This also contrasts
with classic IPEX patients who generally succumb between a few
weeks and several months of life and may not respond well to
CsA [1]. Of those studied, classic IPEX patients all have muta-
tions in the coding region of FOXP3, whereas the mutation
reported in our patient’s family is noncoding and is believed to
decrease the stability of an mRNA that encodes a normal scurfin
(FOXP3) protein [6]. Thus, a small amount of normal scurfin pro-
tein may be present and serve, at least in some family members, to
attenuate the disease, as suggested by Gambineri et al. [25]. How-
ever, additional studies will be needed to confirm the presence of
small amounts of functional scurfin protein in this patient.

The reported association of exacerbation in this family with
acute immune stimulation [2] is also striking and suggests that
potent antigenic stimuli may overcome a hypothetical balance
between effector activity and diminished regulatory capacity. The
more severe course of classic IPEX, on the other hand, may
reflect the inability to maintain regulation even in the face of low-
level immune activation. Thus, while study of the immune profile
of this patient may not be completely recapitulated in classic

IPEX patients, it can provide insights into the critical balance
between regulatory and effector T cells that cannot be obtained in
the more severe form of the disease.

In summary, we present the first longitudinal study of lympho-
cyte profiles in an IPEX patient beginning at birth and continuing
through the development of enteropathy and T1DM. Our findings
are in line with observations in the scurfy mouse model and are
consistent with a lack of regulatory T-cells as the underlying cause
for the disease. Correlation with clinical data suggests a possible
temporal relationship between increases in T-cell activation
markers and subsequent clinical events that could prove clinically
useful with further study.
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